In order to determine color excess in the uvbyβ color system for high amplitude δ 
I. INTRODUCTION
Unlike classical cepheids, the investigation of High Amplitude δ Scuti Stars (HADS) has been concentrated on the study of pulsation characteristics and stellar evolution. It is true that HADS are not as important as the classical cepheids. Although the PL relation was derived for HADS already, their role as a distant indicator has been limited due to their low luminosity and low amplitude. There is, however, a possibility that they could be used to determine the distance of extragalaxies if big telescopes can be used to observe HADS in the future. To be used as a distant indicator, it is absolutely necessary to determine their reliable color excesses.
If color excess cannot be determined accurately, we cannot reliably determine distances even though the PL relation is well established. Therefore, a reliable estimation of color excess is as important as the determination of a reliable PL relation. This is the reason why many different methods have been developed to estimate color excess using various photometric systems for classical cepheids. Also, various spectroscopic methods were devised too (see Kim 1987 Kim , 2008 ; references therein) for a long time. However, color excesses derived from these different methods show significant discrepancies. In addition, with poorly determined color excess, reliable atmospheric parameters such as effective temperature, surface gravity, and metallicity cannot be estimated accurately.
Unfortunately, color excess of HADS has not been widely investigated. For HADS, in most cases, intrinsic (b − y) 0 values in observation using the uvby color system have been calculated with the aid of the Craw-
ford (1975, 1979) calibration of A-and F-type stars. The uvbyβ color system is almost the only one that makes it possible to determine color excess of HADS. Hence, we tried to examine a different method which is independent of Crawford calibration. Our method is based on the method which was devised to determine E(b-y) of classical cepheids (Kim 1987; Feltz & McNamara 1976 , 1980 .
II. METHOD
In order to extend our knowledge of space-reddening to HADS, it is necessary to obtain a viable correlation between photometric indices and the intrinsic colors (b − y) 0 of the variables. Implicit in this requirement is the assumption that there is sufficient similarity among the HADS so that general calibration schemes can be developed and applied to the entire group.
For the establishment of the intrinsic relations, we begin by assuming that similarities of HADS extend to their photometric behavior during declining light at a given period. This implies that it should be possible to predict intrinsic color indices such as (b − y) 0 from reddening-free indices like [m 1 ], [c 1 ], and β.
Through an internet search, we selected a total number of 20 HADS from the literature, where the uvbyβ system was adopted for photometric observations. Table 1 presents the list of these stars. In this table, however, six stars were not included due to a reason which will be explained in the last part of this section. We also obtained normal points of (b − y), c 1 , m 1 , and β for each star from the literature. For those stars where normal points were not available, we obtained them using the Fourier fitting procedure.
For these raw normal points, reddening-free values 156 C. KIM ET AL. were calculated by adopting the reddening value in the literature, (Crawford 1975) . In order to examine any possible intrinsic relation, reddening-free normal points corresponding to the descending branch region for all stars were plotted on three planes of (b − We also wish to point out that β system has not been so widely adopted compared to the uvby system, so, in many cases, β data is not available. Therefore, we adopted only the (b − y) 0 − [c 1 ] plot for further analysis.
Color excesses of E(b − y) can now be found for all HADS by plotting observational data in the diagram depicted in Figure 2 . Among all stars, we selected four stars whose linearity appeared relatively good. These were SX Phe, BS Aqr, RY Lep and YZ Boo, and they were used as reddening standard calibration stars. This also implies that we assumed that their reddening val- This procedure was repeated four times by changing the calibration star each time. Finally, the mean value was calculated for each star. In many cases, the shape of the intrinsic relation for the calibration star and the target HADS were not similar, so we drew four to five lines parallel to the X-axes with approximately equal separation, as shown in Figure 2 . The distance along the X-axes between the points corresponding to the intrinsic relation and that of the target star was measured. Then, the reddening value of the target star was E(b − y) * = E(b-y) + ∇ E(b-y). Here, E(b-y) is the color excess of the calibration star, and ∇ E(b-y) is the distance between two points on the diagram. So, for each object, four or five measurements were secured, and the mean value of these was the < E(b−y) > value of that star corresponding to a certain calibration star. Finally, the mean value for all calibration stars was calculated. 3-6, and < E(b − y) > in the column 7 are the mean values with the standard deviation. E(b-y) in the column 8 is the reddening value from the literature, and ∆ in the column 9 is the difference between E(b-y) and < E(b − y) > in the columns 7 and 8. Actually other HADS stars of AD CMi, BL Cam, IP Vir, and RV Ari were investigated. However these stars were not included in Table 2 because their distribution of the normal points were not smooth enough on the (by)-c 1 diagram for the meaningful analysis. Figure 3 was plotted to see any systematic trends in the differences(∆) for different stars. The deviation of within around 0.05 is relatively small, except for V567 Oph of which deviation is large of 0.101. Hence, the reddening value of this star in the literature can be doubted. We also plotted the period against the standard deviation (σ) in Figure 4 , and the sigma value is around 0.03 for most of HADS stars except two cases of AN Lyn and V567 Oph. For these two stars, reddening values corresponding to BS Aqr are relatively large. Because the number of calibration stars are only four, one large dispcrepancy value from other three values can cause larger sigma value.
III. CONCLUSION
We modified a method which has been developed to determine the color excess of classical cepheids in order to estimate the reliable color excess of HADS. We established an intrinsic relation between (b − y) 0 and [c 1 ]. The strong point of our method is that it is not necessary to introduce a reddening line in a colorcolor diagram. By just examining how far a few normal points of a calibration star are from the intrinsic curve along the (b-y) axis, we can determine E(b−y) directly.
We found that the difference of E(b-y) values determined from our method and those from the literaure are less than around 0.05, and, in adition, sigma values are around 0.03 with no dependency or correlation on period. We believe that these facts support the usefulness of our method for the determination of E(b-y) for HADS. However, there is an inevitable weakness in our method in that the accuracy of reddening values determined by our method is strongly dependent on how we can find the right position of the intrinsic curves for calibration stars on the diagram.
Practically speaking, if E(b − y) of one of the HADS is accurately determined by independent distance measurements, this star can be used as a calibration reddening star. Then, color excesses of all other HADS can be estimated with respect to that of this calibration star using our technique. However, unfortunately, reddening of all HADS had been determined with the Crawford calibration for F-and G-stars, so the weight of the reliability of E(b − y) of all HADS is not so different from one to the other. Rarely, parallax was measured for a few HADS, but their parallax error was too large.
Emphasis should be given to the fact that the intrinsic relation corresponding to a certain period should be applied only to those HADS with the same period, and the intrinsic relation should be different for different periods. This is the very core of our method, which makes it possible to obtain more accurate reddening values. The problem is how to derive each distinct intrinsic relation corresponding to a different period, because the dispersion of photometric data is not small in most cases. In our work, because the period of HADS is not so different from one to the other, unlike the case of classical Cepheids, we did not consider the period effect in our method.
In order to obtain reliable intrinsic relations, which are the essential point in our method, reddening of at least more than a few calibration stars with different periods should be determined using more accurate methods than photometric calibration for A-and Fstars, such as parallax, etc. Then we can expect to determine more accurate color excess values for other HADS.
